Study aim: The body structure can play a determining role in the achievement of top judo performance, and it seems to influence the type of techniques applied. The aim of this study is to determine the somatotypes in male and female national level judokas across weight categories in order to observe possible differences among athletes. Material and methods: A total of 61 male judokas (23.2 ± 2.7 years old) and 37 female judokas (22.3 ± 3.3 years old) participated in this study. Anthropometric variables were used to calculate somatotypes. Somatotypes were determined according to the Heath-Carter method. Analysis of variance and Tukey's post hoc test were used to determine differences between weight categories and obtained effect sizes (η 2 ) were presented as well. Results: Somatotype differences among weight categories in male and female judokas were observed. Generally, all categories could be classified in three somatotypes in male and female athletes. Conclusions: The lightest categories were recognized as mesomorphic ectomorphs in females with an exception in the -48 kg category, and ectomorphic mesomorphs in male athletes. The middle ones had the endomorphic mesomorph somatotype and the heaviest athletes presented somewhat more extreme cases of endomorphic mesomorphs, both in male and female judokas. According to the results obtained, judokas have a specific body composition in different weight categories. Therefore, coaches could create a specific training programme for athletes who belong to different somatotypes.
Introduction
Judo is a high-intensity intermittent combat sport, in which many physical attributes are necessary to achieve optimal technical-tactical development and competitive success [3, 6, 7, 11, 24] . High level of muscle power is required for the fight's decisive moments, such as throwing and counterattack techniques, with the goal to score points (i.e., Wazari) or to finish the combat (i.e., Ippon) [18] . The body structure can play a determining role in the achievement of top judo performance [1, 4, 14, 16] , and it seems to influence the type of techniques applied [5, 9, 10] . Body fat is generally low for these athletes, except for the heavyweight competitors [11, 22] .
Since judo athletes are divided by age and weight categories, their body mass needs to be controlled continuously, in order to have an optimal performance. Judo athletes often have to maintain their body mass on a daily basis, particularly during the in-season period. The way of maintaining the bodyweight means using the rapid weight loss (RWL) methods for cutting weight when preparing for the competition, which may often have negative implications for athletes' health [7] . In combat sports, such as judo, weight management plays a very important role.
The body structure is related to attaining the elite level in judo and it may influence the type of techniques applied during a match [9, 12] . The authors found key factors which determine champion lev els, emphasising the importance of somatic build for specialisation in sport [2] . Certain research suggests that there are relationships between somatotype and the level of sports achievement in martial arts [8, 13, 18, 19] . When comparing somatotypes, both in athletes and the general population, males tend to be more often the mesomorphic type compared to females, while females most often have the endomorphic type of body. The aim of this study is to determine the somatotypes of male and female judokas across weight categories in order to observe possible differences among athletes. From a practical point of view, it means the coaches could create a training programme for individual demands of judokas in accordance with their gender, weight category and body type.
Materials and methods

Participants
The sample consisted of 61 male judokas (23.2 ± 2.7 years) and 37 female judokas (22.3 ± 3.3 years). Participants were divided into seven official weight categories (males: -60 kg, -66 kg, -73 kg, -81 kg, -90 kg, -100 kg, +100 kg; females: -48 kg, -52 kg, -57 kg, -63 kg, -70 kg, -78 kg, +78 kg). All athletes were competitors at the seniors' Serbian national championship (2018) and each of them had a master belt (1 st -5 th Dan), which were the inclusion criteria for participating in the study. Informed written consent was obtained from each subject, and all procedures were performed in accordance with the Declaration of Helsinki. The study was approved by the local institutional review board (IRB).
Testing procedure
Anthropometric variables were collected following the protocol developed by the International Society for the Advancement of Kinanthropometry (ISAK). Anthropometric variables included body mass, height, 4 skinfolds (triceps, subscapular, supraspinale and medial calf), 2 girths (arm and medial calf) and 2 breadths (femoral and humeral epicondyles). Body height was measured to the nearest 0.5 cm using a Martin anthropometer (GPM, Switzerland). Weight was measured to the nearest 0.1 kg using a balance beam scale (Avery Ltd., St. Albans, UK). Skinfold thickness was obtained using a John Bull caliper (British Indicator Ltd., UK) accurate to 0.1 mm. The girths were performed using a Gulick anthropometric tape (Creative Health Products, Plymouth, USA), while diameters were measured with small spreading calipers (Siber Hegner, Switzerland). Skinfolds were taken three times at each point in a rotation system and the mean of 3 measurements was used in the analysis. The same trained technician took all measurements. Somatotypes were determined according to the Heath-Carter method (1990) [2] .
Statistical analysis
Results obtained are presented as mean values and standard deviation (±). Analysis of variance and Tukey's post hoc test were used to determine differences between weight categories and obtained effect sizes (η 2 ) were presented as well. The level of significance was set at 5%. All analysis was conducted using IBM SPSS Statistics 20.
Results
According to the results obtained, male judokas differed in body height in relation to the weight category. As the weight throughout the categories increased, body height increased proportionally. In skinfolds, differences were found only between the skinfolds of the back, and groups differed from the heaviest weight category. Girths differed only between the first three light weight categories (-60 kg, -66 kg, -73 kg) compared to other heavier categories (-81 kg, -90 kg, -100 kg, +100 kg). In elbow and knee diameters, we can see that all categories differed from each other, but only the value of knee diameter in the -66 kg category was lower compared to other categories. According to weight category, athletes differed in their somatotype (mesomorph and ectomorph) ( Table 1) .
Regarding girls' results, it can be observed that girls from the lightest (weight) category were mostly also the shortest ones, in comparison to other weight categories. In the skinfolds, differences were observed between categories in the triceps and back, and only the back skinfold of the heaviest category (+78 kg) differed from other categories. In terms of girth and diameter, the highest values are mainly present in respondents of the two heaviest female categories (-78 kg, +78 kg), and they mostly differed from the other lighter weight categories. Unlike males, females differed in all three somatotypes according to weight category ( Table 2) .
Based on the somatochart, we see that male categories are mostly endomorphic-mesomorphic type, only the heaviest category presents extremely different type when compared to others ( Fig. 1 ). By analyzing female somatotypes, one can observe that the three middle categories belong to an endomorphic-mesomorphic type, while the two heaviest categories and the lightest category (-48 kg) belong to a somewhat more extreme endomorphic-mesomorphic type, and subjects in the -52 kg category belong to a mild mesomorphic-ectomorphic type (Fig. 2) .
When skinfold values are observed, linear growth is observed among male and female judokas, with an exception for the comparison between two successive male categories, -100 kg and +100 kg, where the lighter of the two has a higher value of the triceps as well as the supraspinale skinfold, 7.90 ± 2.81 mm vs 7.85 ± 0.78 mm and 9.80 ± 6.24 mm vs 8.70 ± 0.42 mm, respectively. There is a similar observation for the comparison between -73 kg and -81 kg categories, when calf skinfolds are compared, where the lighter of these two categories had higher skinfold thickness (7.77 ± 2.02 mm vs 6.75 ± 2.44 mm). In female skinfold comparison between the weight categories, there is also linear growth, except for the two successive categories -70 kg and -78 kg, where the lighter category has higher values in every measured skinfold. Once again, when comparing between two consecutive categories -57 kg and -63 kg, higher values of calf skinfold were observed in the lighter weight category (11.26 ± 3.85 mm vs 9.54 ± 3.42 mm). Humerus diameters in male judokas grew linearly through categories, while there was an exception in femur breadth between the -60 kg and -66 kg categories, with a higher value in the lighter category (9.50 ± 0.28 cm vs 9.09 ± 0.97 cm). Bone diameters in female judokas varied among weight categories in nonlinear fashion, but with values close to each other among consecutive categories.
Arm girth measurement results in male judokas differed in the two lightest categories compared to other five heavier ones. Calf girth values in the first three categories were different compared to the three heaviest categories, while the middle category (-81 kg) significantly differed from the heaviest two. When female girth measurement values are observed, the difference can be noted between the four lightest categories and the two heaviest in terms of arm girth. Calf girth values in the heaviest two categories were significantly higher when compared to all other lighter ones.
According to the results, the lightest male weight category (-60 kg) turns out to be the ectomorphic mesomorph body type. Presence of an ectomorphic component might be the result of a low body fat percentage among the lightest categories in combat sports. From the -66 kg category to the -100 kg category, according to their body types, athletes belong to endomorphic mesomorphs, which can be observed from Fig. 1 . This body type is most likely the result of the high muscular component among male judokas. Only the heaviest male category had an extremely different somatotype compared to others. Athletes heavier than 100 kg had a more prominent endomorphic mesomorph somatotype. On the other hand, the mesomorphic ectomorph somatotype was present in the -52 kg female category, as can be noted from Fig. 2 . Three middle categories were endomorphic mesomorph, while the lightest and the heaviest two (-48 kg, -78 kg and +78 kg) categories were somewhat more extreme endomorphic mesomorphs than the others. Regardless of the various diameter, skinfold and girth measurement results, different body composition and somatotypes are observed across weight categories in males and females.
Discussion
There are several publications regarding the somatotype of judo athletes in the available literature. There is a study that suggests presence of higher muscle mass and lower fat percentage, lower endomorphic and higher mesomorphic components in male than in female judokas [10, 20] . On the other hand, the lightest female competitor from our study (-48 kg) showed an extremely high endomorphic-mesomorph component. This occurred because of several reasons. First, she is an extremely short athlete, which is unusual even for that weight category. Since her body type turns out to be highly muscular, it should not be unusual for her to belong to this somatotype group. Additionally, compared to her body height, her body mass only adds up the endomorphic-component, which is why it makes her body type so specific. Except for this athlete, other somatotype differences appeared pretty much as expected. As in the study of Jagiello (2013) [15] , body weight and height in male judokas increased linearly in our study as well. When observing the mean values of each (endomorphic, mesomorphic and ectomorphic) component of judokas, there are similarities with the results obtained in other research [17, 21] .
The Heath-Carter somatotyping revealed that heavyweight judokas had the highest level of endomorphy and mesomorphy. Similar results were reported in a study conducted by Stachon et al. [22] . A study by Sterkowicz-Przybycien et al. [23] showed that all the athletes mainly had endomorphic mesomorph somatotype with balanced mesomorph appearance in some cases. In this research the authors also reported the endomorphic mesomorph as a typical somatotype in females. In a study done on Spanish senior judokas, both male and female athletes presented endomorphic mesomorph somatotype [3] , which is also in line with results from our study. Knowing the fact that judokas change their body weight several times during the season, it could go along with somatotype alterations. During the weight cutting period coaches should consider making a diet plan for individual athlete in collaboration with a nutritionist. Doing so, elite judokas could use gradual weight loss methods instead of aggressive ones.
Conclusions
Since judo is a weight-classified sport, our study explored all 7 categories, both male and female. Subdividing the judo athletes' somatotypes resulted in roughly three groups of different body types overall. The results from our study show similarity with results from other earlier studies that investigated the somatotype of judokas. As the current study showed somatotype differences among weight categories, coaches need to apply their knowledge and skills so as to prepare judokas according to the specific body type in order to enhance their performance.
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